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© All-node switch - an unclocked, unbuffered, asynchronous, switching apparatus. 
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© Disclosed is an apparatus for switching input 
port connections to output port connections quickly 
and dynamically using a new asynchronous ap- 
proach to resolve contention. The disclosed ALL- 
NODE (Asynchronous, Low Latency inter-NODE) 
Switch is self-routing in two cycle times at the same 
high speed serial rate that data is transferred 
through the switch. The normal mode of the switch 
requires absolutely no synchronization amongst any 
of the input and output ports which interface to the 
switch. The switch is completely completely void of 
centrally controlled clocking and any data buffering. 
Data traverses the switch only encountering three 
gate delays - on-chip receiver, mux, and off-chip 
driver. Contention is detected and resolved on chip, 
and yet the logic implementation is extremely simple 
and low in gate count, so the switch design is never 
gate limited. The protocol requires several parallel 
data lines plus two or three control lines. 
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FIELD OF THE INVENTION ■ 

The present invention relates to digital com- 
puter systems comprised of several or many com- 
puting and/or input/output elements, and the ability ■ 5 
of the said individual elements -to perform -high •■■ 
speed, low-latency communications with each other 
in a parallel fashion over switching networks. * 

BACKGROUND OF THE INVENTIONS s • 70 

Multi-stage switching networks are gaining ac- 
ceptance as a moans for interconnecting multiple >" - 
devices within modern digital computing systems.. 
In particular, in Parallel ^Processing (PP) Systems, it is 
is common to use a multi-staged switching network ^ 
to interconnect N system elements; where N can 
be several or thousands of processors or combina- 
tions of processors and other system elements. 

The state-of-the-art switch approaches have ' ^20 
many short comings which prevenMhem. from be- 
ing ideal for PP systems. They tend. to be expen- 
sive, slow, non-expandable, hard to reconfigure, 
serial in' nature, and, worst of. all, have clocking 
problems. The clocking- problems are ever tncreas- 25 
ing as digital computing systems continue to op- ' 
erate at higher and higher frequencies- (usually 
doubling every, several years). This is further corn- *»■ 
plicated by increased system size :and distance^ 
between system elements, especially in the field of ; .30 
PP systems. This presents an enormous clocking 
problem of how to keep various elements 'of the- : : . 
system synchronized for communication purposes. ■ v 
Several state-of-the-art methods have been em- : 
ployed somewhat successfully,, but -not? without be : . 35 
ing cumbersome, risky, and leaving, one wondering* 
if they will work for the next increase in- clock -v 
frequency or system size. 

The state-of-the-art clocking methods include:. ; 

a) Distributing a central clock and carefully con- 40 
trolling the delay time to each individual element 
(processor, I/O device, and switch); so that a - 
synchronized and aligned clock, tuned to within 

a small tolerance, arrives at each element In 
addition, to enable various system elements: to : 45 
communicate without losing* synchronization, . it 
is necessary for all communication .-links* -to have 
a transfer time from one element to . another ; 
which is less than one cycle time of the com- 
mon clock. 50 

b) Using the same central, synchronized cloc- : 
king scheme as a), but further allowing the flexi- 
bility in the communication time between ele- 
ments by permitting transfer times to be longer 
than one clock cycle time. Transfer time is ai- 55 
lowed to be any multiple of the common clock 
cycle time and every connecting wire between 
elements is hand tuned by individually trimming 
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each wire, so that it produces a delay which is a 
multiple of the common clock cycle within a 
specified tolerance. 

c) Distributing a central clock and not controlling 
the delay time to each individual element; how- 
ever, providing exactly the same frequency to 
each element. With this approach, each inter- 
connecting- wire can be of any length and does 
not have. to be hand tuned. Synchronization be- 
tween elements is established using a calibra- 
tion method which is performed at fixed intervals 
of time with the very first calibration being per- 
formed each time power is applied to the sys- 
tem. Each communication link is individually 
calibrated one at a time by sending test mes- 
sages over the link and- varying the phase of the 
sending clock. After all possible sending clock 
phases have been tried, the clock that best suits 
the ; length of the individual ca'ble is chosen to be 
used on a permanent basis (until the next re- 
calibration exercise): The calibration of every, 
interconnection wire in the. system can be ac- 
complished automatically, but it is cumbersome, 
time consuming, and possibly subject . to drift 
over time and temperature. . 

d) Using two separate chips of different speeds; 
one to establish and control, interconnections 
and the other to actually pass data between any 
two elements of the PP system. The control 
chip operates at .a slower, more easily synchro- 
nized frequency, while the data chip provides 
the' actual connection between elements when 
commanded to do so by the controller chip. The 
data chip can ; provide data, transfer at a faster 
and even asynchronous rate. There are several 
disadvantages- of this approach. The two chip 
requirement increases the number of interfaces 
and connections required making the system 
more expensive and: more complex. Secondly, 
the selection-being controlled remotely in a sec- 
ond chip is usually a slow and serial operation 
which defeats the important concept of perform- 
ing operations in parallel, which is required in 
efficient switching network systems. In addition, 
the concept is difficult to expand beyond the two 
chips, so to provide interconnection between as 
few as sixty-four elements, usually serial data 
transfer is specified to keep the chip pin count 
to a reasonable size. Finally, the set-up time for 
establishing a switch connection via the control 
chip is usually the dominating and slower factor 
making the dynamic changing of switch connec- 
tion almost impossible on a rapid basis. These 
types of switching networks are not applicable to 
PP systems, but are being used effectively in 
I/O areas where switch selections occur infre- 
quently and large . amounts of data are trans- 
ferred over a path once it has been established 
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by the control chip. 

As an example of prior art attempts, repre- 
sentative patents are U.S. Patent 4,307,446 issued 
December 22, 1981; U.S. Patent 4,314,233 issued 
February 2, 1982; U.S. Patent 4,481,623 issued 5 
November 6. 1984; U.S: Patent 4,518,960 issued 
May 21, 1985; U.S. Patent 4,237,447 issued De- 
cember 2, 1980; U.S. Patent 4,251,879 issued Feb- 
ruary 17, 1981; and U.S. Patent 4,307,378 issued 
December 22, 1981. These patents were followed w 
by U.S. Patent 4,484,325, issued November 20; 
1984; U.S. Patent 4,482.996 issued November 13, 
1984 and U.S. Patont 4,475.188 issued on October 
2. 1984. In U.S. Patent 4,475,188 it will be seen 
that there was suggested an arbitration switch 15 
which strips routing' bits from a message, and with 
a priority of first come, first serve, connects mul- 
tiple input lines to multiple output lines using self 
routing path selection followed by data in a cloc- . 
kless environment As such this development is 20 
different from the more standard serial, crossbar or. 
crosspoint switches which have :been used. How- 
ever, the patent requires handshaking and has a 
different arbitration method than we have found 
useful. It appears that should the device be used in 25 
typical situations it would be slower and slower with * 
long cables. Its speed is not independent of cable 
length. This and other differences will appear upon 
a review of our improvements in which no -buf- 
fering, queues, wait periods, or discontinuation of 30 
message transmittal is involved when- resolving, 
contention. As such, these earlier attempts do not 
provide the necessary switching network capabil- 
ities which are required. In this connection also, 
reference could also be had to .U.S. Patent 35 
4,952,930 issued August 28, 1990, and the referen- *•» 
ces cited therein. 

Thus, the* state-of-the-art solutions do not> r pro- 
vide the switching network characteristics required 
for modern and future PP systems. The character- 40 
istics that are required include the ability to dynam- 
ically and quickly establish and break element in- 
terconnections, to do it cheaply and easily in one 
chip, to have expandability, to many thousands of 
elements, , to permit any length, non-calibrated in- 45 
terconnection wire lengths, to solve the distributed 
clocking problems and allow future frequency in- 
creases, and to permit parallel establishment and . 
data transmittal over N switching paths simulta- 
neously. 50 

SUMMARY OF THE INVENTION 

The invention is a switching means for inter- 
connecting multiple processors or other functional 55 
elements comprising a digital system on an as 
commanded basis. The switching means is based 
on newly developed means which permit connec- 



tion control and data transfer between elements to 
occur over a common and small set of point-to- 
point, interconnecting wires. The said connection 
control and data transfer occurs in such a manner 
that the said switching means is devoid of requiring 
any .synchronized clocking signals, whatsoever. In 
addition, the said switching means implements new 
means for resolving connection conflicts instanta- 
neously on an asynchronous basis. This permits 
various asynchronous elements to contend for the 
services of the switching apparatus, and said con- 
tention to be resolved in a consistent, predefined 
and parallel manner without causing, erroneous or 
interruption, of .system operation. 

The - invention apparatus further provides a 
switching ^network communication structure that has 
the characteristic of simplicity, of implementation, 
and does not require -data ^ buffering or data inter- 
pretation of any kind. It establishes or breaks^con- 
nections instantaneously and is, ^therefore, dynam- 
ically changeable with- a very quick response time: 
It hasithe capability of resolving requests to estab- 
lish connections in a parallel- manner,- where N 
connections can ■. be . established or broken at* the 
same time (where- N = the* number of elements of 
the system, -which are ■ communicating ; via the 
switching apparatus). Thus, the number of .connect 
tions thai can be. made or broken simultaneously 
scales directly with the size, of the system. This 
capability enables the invention apparatus to han- 
dle multiple short messages very efficiently. In 
addition, 'the* new apparatus is devoid ofr synchro- 
nizati on requirements or wire length restrictions. It 
also has the .ability- to track the speed improve- 
ments , of new technologies and to increase perfor- 
mance as. the technology used to implement the 
invention apparatus improves. 

In addition, the basic new apparatus can be 
cascaded with other identical invention apparatus 
.devices to < form interconnection networks among 
any number of system elements or nodes. Said 
network-would have. the characteristics for full par-, 
allel interconnection. 

These and other improvements are detailed in 
the following/detailed description. For a better un- 
derstanding, of-, the invention, together with advan- 
tages arid features, reference should be made to- 
the following description and the below-described 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates generally our preferred 
embodiment of the present invention 
as a four-input to four-output (4X4) 
crossbar switching apparatus. 

Fig. 2 illustrates a more detailed schematic 
of the 4x4 crossbar switching ap- 
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paratus that defines its interface con- 
nections. ' ' ' ' 

Fig. 3 illustrates a typical method for geh- ' 
erating serial contrbl and data infor- 
mation to be sent to the present in- 5 
vention over four synchronous data 
lines. " - 

Fig. 4 shows a typical timing diagram for 
' ' the interface signals arriving at one 

input port of the invention switching io 
apparatus. 

Ftg. 5 shows a typical ; method for cascad- 
ing the preferred 4x4 embodiment of * 
the invention switching apparatus to 
accommodate systems having more is 
than 4 nodes/ ■ * 

Fig. 6 * shows a schernatic block diagram of 
the simple data flow and control path 
implementations of • the invention * 
1 ' switching apparatus. 20 

Fig. 7 ,i " illustrates the- method of selecting 
and establishing a transmission path 
' ■ through a network comprised of the 1 

invention switching apparatus for the 
; ' -purpose of sending data from one " "25 
node to another. * - ' 1 "*'•"' 

Fig. 8 illustrates the detailed logic imple- 
mentation for a portion of the inven- 
tion switching apparatus. The ■ said'-"'" 5 
portion enabling the switch to estab- 30 
lish a data transfer connection be- 
tween input port 1 and output "port 1 • 
of the preferred 4x4 switching ap- ' 
paratus embodiment. " 

Fig. 9 illustrates the detailed- logic imple- 1 35 
- mentation for a portion of the inven- 
tion switching apparatus. The said 
portion enabling the switch to estab- ■ 
lish a data transfer connection be- ! 
tween input port 1 and output port 2 '40 
of the preferred 4x4 switching ap- 
paratus embodiment. 

Fig. 10 * ; illustrates the detailed logic imple- 
mentation for a portion of the inven- 
tion switching apparatus: The said" 45 
portion enabling the switch to estab : 
lish a data transfer connection " : be- : 
- tween input port 2 and output port 2 
' of the preferred 4x4 switching ap- 
paratus embodiment. ' 50 

Fig. 11 illustrates the detailed ■ logic imple- 
mentation for a portion of the inven- 
tion switching apparatus. The said 
portion enabling the switch to estab- 
' lish a data transfer connection be- 55 
tween input port 3 and output port 3 
of the preferred 4x4 switching ap- 
paratus embodiment. 



Fig. 12 illustrates the detailed logic imple- 
mentation for a portion of the inven- 
tion switching apparatus. The said 
portion enabling the switch to estab- 
lish a data transfer connection be- 
' : tween input port 4 and output port 4 
of the preferred 4x4 switching ap- 
paratus embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiment is a 4x4 crossbar 
switching apparatus, where the function of the 
present "invention is to provide a means of connect- 
ing any of four input ports on a mutually exclusive 
basis to any one of the* unused four output ports. 
Referring to Fig. 1, the 4x4 crossbar switching 
apparatus can support up to four simultaneous 
connections at any given time. For instance, Input 
1 could be connected to Output 3, Input 2 to 
Output 4, Input 3 to Output 2, and Input 4 to Output 

1. 

The invention switching apparatus TO is un- 
idirectional, which means that data flows in only 
one direction across the said switching apparatus 
10, that being from input to output. Although the 
said switch apparatus 10 is unidirectional, it sup- 
ports bidirectional communication amongst four 
nodes (20, 22, 24, and 26) by connecting the 4x4 
ALL-NODE switching apparatus 10 as shown in Fig. 
1. Each node 20, 22, 24, and 26 has two sets of 
unidirectional interconnecting wires, one going to 
the switch 10 and one coming from the switch 10. 
The dashed lines internal to the switching appara- 
tus 10 indicate that the function of the said switch- 
ing apparatus is to connect an input port such as 
INPUT PORT 1 to one of four possible output 
ports. The switching apparatus 10 provides exactly 
the same function for each input port, allowing it to 
be connected to- any unused output port. 

Referring to Fig. 2, block 12 shows an ex- 
panded drawing of switching apparatus 10 and 
defines in detail the interface lines connecting to 
switching apparatus 10: The set of lines 31, 32, 33, 
and 34 at each in-port to the switching apparatus 
12 are identical in number and function to the set 
of lines 41, 42, 43, and 44 at each out-port. The 
sets of interface lines to each input and output port 
contain seven unique signals: four data lines and 
three control lines (VALID, REJECT, and ACCEPT) 
which are differentiated by a prefix of I NX- or 
OUTX-indicating the direction and number of the 
port (X) that they are associated with. The four data 
and one VALID lines have a signal flow in the 
direction going from input to output across switch- 
ing apparatus 12, while the REJECT and ACCEPT 
control lines have a signal flow in the opposite 
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direction. 

The sets of input port interface lines 31 , 32, 33, 
and 34 transfer control information to switching 
apparatus 12 for the purpose of commanding and 
establishing input , port to output port connections 
internal to the said switching, apparatus. In addition, 
the said port interface lines also carry data informa- 
tion to be transferred from in-port to out-port across 
the switching apparatus 12. The four data interface 
lines contained in interfaces 31, 32, 33, and 34 do 
not restrict the transfer of data across switching 
apparatus 12 to only four bits of information, but 
rather the said four data lines can each contain a 
string of serial data making the transmission. of any 
size data possible.. For example, the said four data 
lines could transfer data at a 160. Mbits/sec rate,, if 
all four data lines were transmitting serial data at a. 
40 MHZ rate. 

The four input ports to switching apparatus 12 
each originate at a unique source or node (20, 22, 
24, and 26) as shown in Fig..1. Referring to Fig. 3,. 
blocks 50, 52, and 54 illustrate a typical method for 
generating serial data in the form of a message 
which can be transmitted to and across switching 
apparatus 14, which is - a partial drawing of the 
switching apparatus 12. Similar serial data genera- 
tion logic as provided by 50, .52, and 54 can be 
used at each of the other input ports to switching 
apparatus 12. Each set of input data lines provides 
serial data to a given input port wtiich is synchro- 
nized to the same clock by the four shift, registers 
54 which create serial data by shifting four syn^ 
chronized lines of data 31 as controlled by the 
same identical clocking signal (40, MHZ in Fig. 3). 
However, the four .different input port sources (31, 
32, 33, and -34) to* switching apparatus 14-can.be : 
asynchronous to, each other, being based on dif- 
ferent, non-synchronized/ 40 MHZ clocking signals.. 

The process for. sending serial messages, 
through switching apparatus 14-inyolve.s FIFO 50, 
which accumulates data messages to be transmit- 
ted. The next entire message to be transmitted is 
moved to buffer 52. The message stored in buffer 
52 is moved .to shift registers 54 in preparation for 
transmittal and the data is. dispersed across the 
four shift registers 54 by placing data bit 0 into the 
first bit of shift register 1, data bit 1 into the, fir.st bit 
of shift register 2, data bit 2 into the first bit of shift 
register 3, data bit 3 into the first bit of shift register 
4, data bit 4 into the second bit of- shift register 1, 
etc. Shift registers 54 then begin to send serial 
data to switching apparatus 14 over four synchro- 
nized data lines, in such, a manner that the serial 
data flows continuously until the entire message 
has been transmitted. The switch apparatus 14 
uses the first eight bits transmitted (in the first two 
clock cycles of serial data over, interface 31 from 
serial registers 54 to switching apparatus 14) to 
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select, and establish a connection path through the 
switching apparatus 14. The example in Fig. 3 
illustrates via dashed lines, the switching apparatus 
establishing a temporary connection between input 
. 5 port 1 (31) and. output port 2.(42), such that each of 
the seven individual lines in interface 31 are 
uniquely and directly connected to. each of the 
corresponding, lines in .interface 42. 

Referring to Fig. 4,. typical serial waveforms are 

to shown for, both . input, and output ports of the switch- 
ing apparatus 14. The switch removes the first 
eight bits of the serial transmission as sent by shift 
registers 54 and uses them to make, and hold a 
connection, such as interface 31 to interface 42. 

15 The remainder, of the serial message in our exam- 
ple is transferred directly from interface 31 to inter- 
face 42, so. that interface 42 sees exactly the same 
message that interface 31 receives, minus the first 
eight bits^ and delayed by the circuit delays en- 
• 20 , countered by the serial data as, it traverses the 
switching .apparatus ,,14. Switching apparatus 1.4- 
does not buffer or, re-clock the serial data entering 
via interface 31 ; in. any manner; it merely reflects as 
quickly as, possible the input waveforms it receives 

25 over interface 31 to output interface 42 without 
changing them in any way, except to strip off the 
first 8 bits. .... ., , 

The .convention for indicating to a switch 14 
input port over an interface (such as 31) that there 

30 is no transfer in. progress, is . to issue continuous 
IDLE commands,, .which are denoted by the. four 
data lines , and, the VALID control line being held at 
logical 0's. The detection of a logical . 1 on any. of 
the input fines will signify, the departure from, the 

35 IDLE state and signify- to the switch that a selection 
and transfer is* beginning. Likewise, the output lines 
from the swjtch will be held in the IDLE state (at all 
0's), when there is . no active transfer available. 

Referring to. ; Fig. 5, a method is illustrated for 

40 increasing, the number of nodes in a system by 
cascading eight switching apparatus 10 blocks. The 
eight cascaded switches are . .denoted as 10A 
through 10H to indicate that they are identical 
copies of switching apparatus, 10, varying only in 

45 ■ regards.to the wiring of their input and output ports. 
From. Fig. 5 it can. be noted that any of sixteen 
nodes can communicate to any other node over a 
connection that passes, through exactly two of the 
switching apparatus 10 blocks. For instance, Node 

so 5 can send messages to Node 15 by traversing 
switch 10B and switch 10H. Since all connections 
are made through two switching apparatus 10 
blocks, the network comprised of the eight switch- 
ing apparatus 10 blocks is referred to as a two 

55 stage switching network. Other multi-stage net- 
works can be configured from switchjng apparatus 
10 blocks by using three stages, four stages, etc. 
in a similar manner. 

5 
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Referring to Fig. 6^ a functional diagram of the ! 
simple data flow across switching apparatus 10 is 
illustrated. The VALID and four data lines at each 
switch input port, inside the switch, and at each 
switch output port are represented by a single line 
in Fig. 6 for simplicity. For instance, the VALID and 
four data lines entering the switch 10 at input port 
1 go to five functional blocks internal to switching 
apparatus 10; these are blocks 50A, 60A, 60B, 
60C, and 60D. Block 50A makes the decision as to 
which of the four possible output ports to' be con- 
nected to input port 1. The' VALID and four data 
lines from each input port go to each output mul- 
tiplexer block (60A. 60B. 60C, and 60D); this 
makes it possible to connect any input port to any 
output port. Each of the four output multiplexer 
blocks (60A, 60B, 60C, and 60D) is uniquely com- 
manded from each of the control blocks (50A, SOB, 
50C, and 50D) as to which of the four possible sets 
of input port lines is to be gated through' to each 
output port. For instance; control block 50A can 
command multiplexer 60C to connect input port V 
to output port 3; control block SOB can command 
multiplexer 60A to connect input port 2 to output 
port 1, control block 50C can command multiplexer - 
60D to connect input port 3 to output port 4, and 
control block SOD can command multiplexer 60B ! to 
connect input port 4 to 'output ' port " 2. AIL four 
connections are capable of being established si- - 
multaneously or at different times. At 'the same 
time that multiplexers 60 A to 60 D form connections 
to move VALID and data signals across the 1 switch 
10 with a unidirectional signal flow from input port 
to output port, multiplexers 61 D and 63D (typical 
implementations are shown by blocks 61 D and 63D 
- simitar blocks are associated with each input port) ' 
form signal connections for the REJECT and AO 
CEPT signals, respectively, with a signal flow in the 
opposite direction of output port to input- : port ! ' 
These REJECT and ACCEPT signals provide a 
positive feedback indication to switch TO of actions 
taken by subsequent switch 10 stages in' a cas- 
caded network or by the device receiving and 
interpreting the VALID and four data signals. A 
message being- transmitted through switch 10 over 
the four data signals under control of the VALID 
signal can be REJECTED by any switch 10 stage, 
if it is unable to establish the commanded connec- 
tion, or by the receiving device if it is not capable 
of receiving the message at this time or if it detects 
an error in the transmission. The receiving device 
also has the capability of confirming the correct 
arrival of a message (without errors being detected) 
by pulsing the ACCEPT signal. Since the REJECT 
and ACCEPT signals go in the opposite direction of 
the data flow, they provide a means of reporting 
back a positive indication to the sender on whether 
the attempted message transmission was received 



correctly or rejected. 

In general, all switches require a path selection 
method, whereby they are commanded which con- 
nection (input port to output port) to establish. For 

s switching apparatus 10, the path selection com- 
mand is transmitted to the switch over the same 
interface that the data is transferred; i.e., the four 
data lines associated with each input port. Selec- 
tion information must be transferred prior to the 

•io data, so that the commanded interconnections can 
be established and the data can then flow to the 
commanded destination. The selection information 
need NOT identify an input port number (1 to 4), 
because it is arriving at the switch over a specific 

75 input and the switch already knows what input 
number it is receiving data on. Therefore, the se- 
lection information need ONLY specify the number 
(1 to 4) of the output port of switching apparatus 10 
to which to connect. The method of path selection 

20 recommended here is one-out-of-N encoding with a 
return to zero (called a DEAD FIELD). 

Referring to F\g. 7, a typical example of the 
exact serial bit patterns and control signal activa- 
tion is shown for sending control and data informa- 

'25 tion to switching apparatus 10. The example re- 
ferences the cascaded, two stage switching net- 
work shown in Fig. 5 and involves sending data 
across the network from node 1 through switching 
apparatus 1 0A and 10F to node 7. To make this 

30 connection, input port V must be connected to 
output port 2 of the first stage switching apparatus 
10A, and input port 1 must be connected to output 
port 3 of the second stage switching apparatus 
10F. The signal sequence that is sent to input port • 

35 1 to cause the desired connections in switching 
apparatus 10A and 10F is shown in Fig. 7. In the 
signar sequence of 1's and 0's, time advances from 
left to right, so that the values seen at clock time -2 
arrive at switch 10A first, and the values at clock 

■40 time -1 arrive second, etc. The values of the IN1- 
DATA and IN1 -VALID lines are all zeroes and 
cause nothing to happen at switch 10A during 
times -2 and -1, because they indicate IDLE. At 
clock time 0, the IN 1 -VALID line goes to a logical 

45 1. This prepares switch 10A by enabling 1 the input 
port 1 to receive data, but no connection or action 
takes place at switch 10A at this time. The IN1- 
VALID control line basically enables the corre- 
sponding switch input port; when IN1 -VALID is a 

so logical 0, switch 10A cannot make any connections 
or receive any data from input port 1 , which is held 
RESET. Finally, at clock time 1, switch 10A re- 
ceives its command as to what output port to 
connect to; the command is received entirely dur- 

55 ing clock time 1 . 

The command bit pattern sent at clock time 1 
is used by switch 10A to establish connection to an 
output port; this process is referred to as a path 
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selection operation and takes place completely in- 
ternally to switch 10A. The path selection approach 
implemented by the present ALL-NODE switch in- 
vention is to let each of the. four IN1 -DATA lines to 
define a unique output of switch 10A.to.be se- ...5 
lected. For instance, the IN1-DATA1 signal going to 
a logical 1 at time 1 tells switch 10A to connect to 
output port 1, and the IN1-DATA2 signal com- 
mands connection to output port 2, etc. In our 
example, since IN1-DATA2 goes to a logical 1 . 10 
during clock time 1, switch 10A is thereby com- 
manded to connect to output port 2. In other words, 
the connection algorithm is that the first data input 
line going to a logical 1 after an, input port has 
been enabled, defines the connection which, that 15 
input port is to make. This is a mutually exclusive 
process, in that for the normal case only one dat^. 
line at clock time 1 is allowed to be a logical 1 ; the 
other three data lines must be- O's. Note that since 
1 bit of selection information is guaranteecLto be a 20 
logical 1, switch 1 0A will be ; abla to. recognize the . .. 
start of a transmission without requiring any addi- 
tional bits to signify that a transfer is commencing. 
The switch 10A makes the commanded connection .., ( 
by removing the four bits from the data lines and 25 
storing them in a selection register in control- block, . 
50A .of Fig. 6. The bits transmitted during^, clock 
time 1 are not passed through switch 1 0A. to switch 
10F, but instead switch ,10A begins passing the 
very next four bits of data .corresponding to clock 30 
time 2 to the next switch 10F. However, the in- 
formation bits following a selection command - 
(those transmitted by the four data lines at clock . 
time 2 in our example) must always be ajl zeroes 
(a DEAD FIELD) as shown in Fig. 7. The purpose 35 
of this will be explained subsequently. t 

At clock time 2, the .connection of switch . 1 0A 
input port 1 to output , port 2 is established and 
causes the signal sequence at clock time 2 to be . 
transmitted across switch 10A and .the interconnec- 40 
ting wires to switch 10F input port 1. From this 
time on, switch 10A merely transmits all subse- 
quent data immediately to switch 10F input port 1; 
it never examines .or takes any action on any other 
data patterns presented to switch 10A over its input 45 
port 1 interface. It just passes all data patterns it 
receives over input port 1 immediately to. output 
port 2 and switch 10F. Thus, at clock time 2, 
assuming zero delay across switch 10A and its 
associated cable, switch 10F input port 1 sees the so 
VALID signal rise and the all-zeroes. DEAD FIELD 
on its four data lines. In this way, at time 2, switch 
10F input port 1 is enabled in an identical manner 
to the way switch 10A input port 1 was enabled 
previously at time 0. 55 

In our example, IN 1 -DAT A3 goes to a logical 1 
during clock time 3 and switch 10F is thereby 
commanded to connect its input port 1 to its output - 



port 3, in a manner similar to the way switch 10A 
was commanded to connect its input port 1 to its 
output port 2 during clock time 1. The switch 10F, 
in making the commanded connection, removes 
the four bits, at clock time 3 from the data lines, 
and stores them in the selection register which is . . 
part of its control block 50A of Fig. 6. The bits . 
transmitted during clock time 3 are not passed 
through switch 10F to Node 7, but instead switch 
10F begins passing the very next four bits of data 
corresponding to clock time 4 to Node 7. However, 
the information bits following a selection command . 
(those transmitted by the four data lines at clock . 
time,.4 in our. example) must always be all zeroes 
(a DEAD t FIELD) as, shown in Fig. 7. Thus, by clock 
time 4, switches; 1 0A. and .10F have established a 
connection path for transferring data directly from 
Node-1: to Node 7 : , Up to cloqk..time 5, Node 7 
sees nothing but IDLE . commands. At time 4, Node 
7 S ees the OUT3-VALID line ; from switch 10F, : go 
active and is thereby enabled ..to start receiving 
data at time, From time ,5 on, Node 7 can receive 
data, from .Node ,1 .-oyer, the 4. OUT3-DATA lines 
from ; swjtch 10F, The, protocol of the actual* data 
being transmitted can be any of the normal formats 
such as Manch ) ester-encodecJ..iP bit encoding ^with 
preamble, ietc. However, ,the preferred embodiment,, 
as shpwn in Fig. 7 is an all-ones synchronization 
field at time 5, followed by the NRZ data message. 
The data message cap specify the bit count length 
of the r transfer plus any error detection mecha- 
nisms required, such as parity, ECC or CRC.The 
purpose of, the synchronization field of. all ones, as a 
prefix to the actual data message, is to enable the 
receiving node .7 . to synchronize to the sending 
node f 1 -in one clock, time. This assumes that the 
two nodes involved in the data, transfer have cloc- 
king, systems that are asynchronous to each other, 
but are operating at the same frequency within a 
specified tolerance.. . 

The preferred embodiment is to transmit the 
length of the message first during clock time 6 and 
clock. time 7. Node .7 then decrements the .length 
count starting at clock time 8 and every subse- 
quent, clock time, until the length count goes to 
zero i; indicating, the end of the data .transfer or 
message (at. clock .time, n, in the example). Node 7 
can then check. the message for. accuracy using . 
the selected, error detection method (parity, ECC, 
or CRC). If the message has been received cor- 
rectly, Node 7 responds by activating the, ACCEPT 
interface line back to switch 10F at clock times 
n + 1 and n+2. Switch 10F passes the ACCEPT 
indication back to switch 10A, which in turn returns 
it immediately to Node 1 . This indicates to Node 1 
that the transfer completed successfully, and Node 
1 resets its VALID and four data lines to switch 10A 
to zeroes, thus, completing the data transfer and 
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returning to the IDLE state. The IN 1 -VALID input 
line to switch 10A going to a' zero at time n + 3, 
causes switch 10A input port 1 to break its connec- 
tion to output port 2 and to return to the IDLE state. 
Immediately, switch 10F sees its INI-VALlD input 
line go to a zero, breaks its connection to output 
port 3 and returns to the IDLE state.' Thus, the 
connections can be broken and the switches re- 
turned to IDLE in as little as one clock time. If 
Node 1 has another message to transmit, it can 
load the next message into buffer 52 and shift 
registers 54 (Fig. 3), and begin transmission to 
Node 7 or any other node as soon as' time n + 4. 
The only restriction is that the VALID signal gen- 
erated by Node '1 must return to zero ior' a*' mini- 
mum of one clock time (time n + 3) 'to' signify the 
end of one transfer before beginning another. - 

Node 1 has the capability' of terminating a data 
transfer at any time by 1 resetting its VALID and four 
data"' lines to switch 10A to zeroes, indicating a 
return to the IDLE state. This ' will immediately 
break' all switch M OA and 10F connections, and ' 
signify to node 7 that the transfer has been termi- 
nated by a return to the IDLE states. ' 

If Node 7 finds an error in the message it has 
received after the length count has goheHci zero at 
clock' time n, it responds by activating the REJECT 
interface line (instead of ACCEPT) v back to switch 
10F as shown in Fig. 4. Switch i OF uses the 
incoming REJECT signal from Node 7 to break its 
connection to Node 7, to return to the IDLE state, 
and to pass the ! REJECT indication back to switch 
10A, which in turn returns it immediately to Node 1 
after breaking its connections and returning to 
IDLE. Node 1 then notes that the transfer has been ; 
rejected, and returns to the IDLE state by resetting 
its VALID and four data lines to switch 1 0A to 
zeroes. Node 1 may then retry the transmission by 
reloading shift registers 54 from buffer 52 and 
starting the transmission over again from the very 
beginning (clock time -1). The retransmission can ' 
occur over the identical path as the previously 
rejected transmission, or if alternate paths through 
the network are implemented another path can be 
tried. If continuous REJECTS are encountered, 
such that a specified number of REJECTS occur 
for the same message, an error reporting mecha- 
nism may be invoked. 

to permit faster network connection breakdown 
after ah ACCEPTed message, a receiving node can 
optionally issue REJECT one cycle time after is- 
suing ACCEPT (clock time n + 2 in our example). 
This will expedite the network breakdown, since 
REJECT breaks network connections beginning at 
the receiver and working its way back to the trans- 
mitter, while VALID going to a zero at the transmit- 
ter breaks network connections from the transmitter 
and working its way through the network to the 



receiver. The transmitter can be designed the rec- 
ognize whichever indication (ACCEPT or REJECT) 
that it sees first. The receiver can also REJECT 
messages which' it is hot capable of receiving at 
5 the present time (for instance, when its receive 
buffers are full). As described above, the transmit- 
ter may retry any REJECTed message. 

It is also possible for any switch 10 in a net- 
work path to REJECT a message. This can occur 
: 10 for either of two cases: 

1 ) BUSY - If the output port to which the switch 
is commanded to connect is BUSY (i.e., it is 
being used by a previously established connec- 
tion), the switch will signify this condition to the 
75 input : port issuing the command by activating 

the REJECT line back to the previous network 
stage or to the transmitter (if the first stage of 
the network detects BUSY). For instance, in the 
example shown in Fig. 7, if 10A had received a 
20 command at clock time -2 to connect input port 
4 to output port 2, that connection would have 
been active when input port 1 requested to be 
connected to output port 2 at clock time 1. In 
this case, output port 2 is BUSY at clock time 1 
25 and switch 10A would activate the IN1 -REJECT 
line to Node 1. As described above, the trans- 
mitter may retry any REJECTed message. 

Likewise, the connection could be made 
successfully at switch 1 0A, yet output port 3 of 
30 switch 10F could be BUSY at clock time 3, 
causing switch 10F to issue the REJECT signal 
to switch 10A. This, in turn, causes switch 10A 
to return REJECT immediately to Node 1 after 
breaking its connectibhs and returning to IDLE. 
35 2) "Simultaneous CONTENTION - Rather than 
input port 4 establishing a connection to output 
port 2 in switch 10A at clock time -2 as de- 
scribed above (in advance of the same com- 
mand from input port 1 at clock time 1), it is 
40 possible for two or more input ports to try to 
connect 5 to the same output port at approxi- 
mately the same time. This is called CONTEN- 
TION for an available output port. For instance, 
suppose input ports 1 and 4 both sent simulta- 
45 neous commands at clock time 1 requesting to 
be connected to output port 2. The present 
invention resolves this contention by first con- 
necting both contending input ports 1 and 4 to 
output port 2. The net effect is to electrically 
50 connect the 2 input ports to output port 2, which 
will logically OR the signals coming from both 
sources. During clock time 2 the logical OR of 
the 2 input ports will NOT cause an error, be- 
cause the values present on both input ports 1 
55 and 4 are identical: the VALID lines for each are 

logical 1's and the data lines for each contain 
the DEAD FIELD (logical O's). However, at clock 
time 3, the signals from each source could be 



8 



BNSDOCID: <EP O505695A2J_> 



15 



EP 0 505 695 A2 



16 



different and an error could be caused if the 2 ^ 
input ports both remained connected at clock, 
time 3 and later. In other, words, switch 10A has , 
1 cycle time (clock time 2) to correct the de- 
cision it made to connect two or more inputs to . 5 
the same output. Switch 10A makes this correc- 
tion during clock time 2 by detecting the. fact 
that more than one input is connected to a given 
output. It then takes action by resetting all but 
one of the multiple connections, and does this 10 
before clock time 3 occurs. The decision of 
which connection(s). to reset and whiph one to 
keep is a decision based on priority. Fpr the , 
preferred embodiment, a simple priority scheme . 
is. used as follows: if input port 1 is contending it 15 
gets the connection; if input port 1 is not. con- 
tending and input port 2 is, input port 2 gets. the 
connection; if input ports 1 and 2 are not con- , 
tending and input port 3 is, input port 3 gets the 
connection; and input port .4 gets the connection 20 
only if no other input, port.wants it. Applying the 
priority selection to our example, input port 1 
gets to keep its connection; to output port 2, 
while the connection of input port 4 to output 
port 2 is reset during clock time 2. This results 25 
in the REJECT signal being issued in the normal 
fashion from switch 10A to. input, port 4. 
Thus, the purpose of the DEAD FIELD jn the 
present invention is to allow one clock time,, per 
switch stage to resolve simultaneous contention. 30 
The secondary purposes of the DEAD FIELD are to 
cause a falling edge on the selection bit which was 
active during the previous clock tinner and to com-, 
pen sate for timing skew, which might be. present 
across the 4 data lines carrying serial selection 35 
data to the. cascaded switches. Both the rise and 
fall of data bits, commanding the switches to make 
connections gives the unclocked switch two signal 
edges (rise and fall) on which it can trigger and 
make decisions. These are the only, two decision. 40 
making times available to the ALL-NODE switch. . 

Referring to Fig. 8 the detailed logic implemen- 
tation of a portion of the invention switch 10 is 
shown. The said detailed, portion shows, the logic 
required to establish and hold a connection be- 45 
tween input port 1 ■ and output port 1 . This portion 
contains typical implementations of all. the major 
functional blocks of the switch 10; these functional 
blocks are merely replicated to form the entire 
switch 10 capability. so 

The major function of control block 50A of Fig. 
6, which controls the path selection function of 
switch 10, is implemented by four control DFF 
latches 70, 72, 74, 76. The IN 1 -VALID signal from 
input port 1 is a reset input to these four latches, 55 
such that when IN1 -VALID is a logical 0 (indicating 
IDLE), the four latches are all held reset, (inactive). 
IN1 -VALID is wired directly to the R (reset) input of 



latches 70 and 72, and . indirectly (first going 
through AND gate 78) to latches 74 and 76. When 
IN1-VALID goes to a logical 1, the latches become 
enabled, so that they are then capable of being set 
- but they do not. get set at this time. Latches 70 
and 74 are set simultaneously when IN-DATA1 
rises subsequent to IN1 -VALID and previous to any 
of the other three INI -DATA lines. The first IN1- 
DATA line to go active is interpreted by switching 
apparatus 10. as a switch, STAGE CONNECTION 
COMMAND as shown , in . Fig.' 7. Jn bur Fig. 8 
example, assume that IN1-DATA1 goes active first. 
IN 1 -DATA 1 is routed directly to the C (clock) input 
of latches 70 and 74 and causes them to set if the 
associated D (data) input is a logical 1. Latch 70 
data input coming from NOR gate 112 will always 
be a logical , 1 when the first data . line to rise 
subsequent tqJN1 -VALID is IN1-DATA1 ; thus when 
switch 10 receives a command to connect input 
port 1 to output port 1 , latch 70 will always set at. 
the rise of IN1- D AJA1 (this issues, a. connection 
command to switch 10)., Latch 70 will always set 
regardless .of whether BUSY or CONTENTION con- 
ditions exist for output port .1. This is not, true. for 
latch 74, which, will not set if output port Lis 
previously BUSY as indicated by NOR. gate 80 
through delay.^84 to .the. data input of latch! 74. The 
feedback of the -Q output signals from latches -70 
and 74 to their, respective S (set) inputs is for the 
purpose of continually keeping the latches set after 
they have been initially set by the C and D inputs. 
Thus, once set, ."latches 70 and. 74 will remain set 
until a reset js signaled; i.e., the waveforms on the 
C and D inputs will have no further effect on the 
state. oHhe latches 70 and 74. 

Gate 82 inverts the IN1-DATA1 signal and 
sends it to the C inputs of latches 72 and 76. Since 
the D inputs connect to the Q outputs of latches 70 
and -7.4, respectively, latches 72 and 76 assume the 
.values of latches 70 and 74, respectively, but not 
until IN1-DATA1 ..falls (at the beginning of the sub- 
sequent DEAD, FIELD). At this time latch 72 
records and holds the fact that COMMAND 11 has 
been issued; i.e., that a command has been issued 
to connect input port 1 to output port 1 (denoted, by 
1 1 ). Latch 76 performs the actual connection of .1 1 
(if output port 1 is NOT BUSY) by setting its Q 
output indicating CONNECT 11; or latch 76 in- 
dicates that it cannot make the connection because 
output port 1 is BUSY by activating its -Q, output of 
-CONNECT 11. 

The CONNECT 11 signal generated by latch 
76, when active, is used to establish the direct 
connection of six interface lines between input port 
1 and output port 1. The four data lines of input 
port 1 become connected to the four data lines of 
output port 1 through multiplexers 60A shown in 
Fig. 6. The details of a typical connection is shown 
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by AND gate 122 and OR gate 130: CONNECT 11 , 
going active to AND gate 122 causes the output of 
AND gate 122 to follow directly the values on IN1- 
DATA1 which is gated through OR gate 130 to 
OUT1-DATA1 . The other AND gates 124, 126, and 5 
12feeding OR gate 130 will all be : held tojogicai 
O's and have no effect on gate 130; this is because 
normally only one CONNECT signal can be active 
at any given time, thus enabling a connection to a 
specified output port. Therefore, if CONNECT 11 is io 
active'to gate 122, CONNECT 21, 31 and 41 to 
gates 124, 126/ and 12 respectively, must all be 
inactive. Note that the 'connection (CONNECT 1 1 ) 
is made during the DEAD FIELD time subsequent 
to the Stage Connection Command; this is what 75 
causes the path selection command not to be ; / 
forwarded to output port 1. Instead, it is stripped " 
from the serial data being passed through' switch 
10, and held in latches 72 and 76. 

Similarly, CONNECT 11 causes two other con- 20 
trol signals to be connected between input port 1 
and output port 1 - the REJECT and ACCEPT 
signals - however, these two signals have the bp- ' : 
posite direction of flow from the data lines. Gate 94 
shows CONNECT 1 1 selecting OUT 1- REJECT as n 25 
the source of an internal REJECT signal 'generated ' ' 
by NOR gate 92. In this case AND gates .96, ' 98;' 
and 100 are all held inactive; i.e., the CONNECT fl 
12, 13, and 14 signals are all zeroes because input 
port 1 can only be connected to one output port (in 30 
this case, output port 1) at any given time. Like- 
wise, gate 104 causes the OUT1 -ACCEPT line to * 
be connected to the INI -ACCEPT line througn OR y 
gate 102, while gates 106, 10 and 1 10 : are held : 
inactive. - : ' '35 

The only interface signal not interconnected by " " 
CONNECT 11 is the VALID signal. This is because 
the connection of'lN1-VALID to OUT1- VALID is 
made sooner than the other connections: it is con- 
trolled by the PRECONNECT 11 latch 74' which Uo 
sets one clock time earlier than latch 76. AND gate * 
114 is thus enabled by PRECONNECT 11 and 
causes IN1 -VALID to be connected to OUT1 -VALID 
through OR gate 132 in a manner similar to the 
way the other connections are made but occurring 45 
a clock time sooner to enable the next stage. 

AND gate 88 is involved in detecting the RE-' : ' 
JECT condition of input port 1, which occurs when ' 
the switching apparatus 10 is not able to establish 1 
the commanded connection to output port 1 be- so 
cause of a BUSY condition. REJECT is detected as 
the logical AND of COMMAND 11 delayed through 
block 86. IN 1 -VALID being active, and -CONNECT 
1 1 being active, indicating that the connection can- 
not be made due to the BUSY condition. The delay 55 
block 86 is' necessary to insure that a race con- 
dition between latches 72 and 76 changing at the 
same clock time does not cause gate 88 to glitch 



erroneously. Gate 88 detecting a REJECT 11 
sends this indication to input port 1 through gate 
90 to IN 1 -REJECT. Gate 90 is an OR of all the 
possible reject conditions (REJECT 11, REJECT 
12, REJECT 13, and REJECT 14). The response of 
the transmitter to input port 1 to IN1 -REJECT is to 
return IN1 -VALID to zero (IDLE). This causes 
latches 70, 72, 74, and 76 to reset to the IDLE 
state, which makes the inputs to gate 90 inactive 
and resets the REJECT condition. Anytime' IN1- 
VALID goes to a zero, whether at the end or in the 
middle of a normal transfer, or because a REJECT 
is issued, the response of switch 10 is always the 
same - latches 70, 72, 74, and 76 all are reset and 
input port 1 of switch 10 returns to the IDLE state. 

The switch apparatus 10, upon receiving a re- 
ject from a subsequent cascaded switch apparatus 
or the receiving device, is informed by the OUT- 
REJECT line. Referring to Fig. 8, for example, 
assume that switch 10 is successful in making its 
connection from input port 1 to output port 1* by 
setting CONNECT 1 1 (latch 76) as described pre- 
viously. If later it receives a reject indication by 
OUT1 -REJECT going active, it will respond as fol- 
lows: OUT1 -REJECT is passed through gates 94, 
92, and 78 to cause RESET 1 and, thereby, reset 
latches 74 and 76. Latches 74 and 76 being reset 
break the connection through switch 10 of input 
port 1 to output port 1 causing the OUT1-DATA 
lines and OUT1 -VALID to go to the zero IDLE state. 
This propagates IDLE to the subsequent cascaded 
switch apparatus or the receiving device and 
causes the OUT1 -REJECT line to go inactive. 
Latch 76 being reset causes gate 88 to detect the 
REJECT 11 condition and to propagate the reject 
indication to IN1-REJECT through gate 90 and thus 
informing the previous switch 10 stage or transmit- 
ting device of the reject condition. Switch TO will 
continue to transmit the reject indication to input 
port 1 until it receives an' IDLE command. 

Gate 80 detects output port 1 busy conditions 
and is delayed by block 84 for the purpose of 
allowing input ports 1 to 4 to operate synchro- 
nously, if desired. In this case, if all four inputs 
tried to select output port 1 at approximately the 
same time, there couid' be a possible logical race 
condition occurring between the D and C input 
signals to latch 74 and the other similar latches for 
input ports 2 to 4 (PRECONNECT 21, PRECON- 
NECT 31, and PRECONNECT 41) that feed gate 
80. The purpose of delay block 84 is to delay this 
effect and to eliminate this race condition. In asyn- 
chronous operation, this race condition also exists 
if two input ports are contending for the same 
output port and both issue connection commands 
which happen to be separated in time by approxi- 
mately the value of delay caused by block 84. In 
this case, it is possible for the latch 74 data input 
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to be changing at the same time its clock input is 
rising, and causing a possible metastable condition 
at latch 74. As long as this metastable condition 
resolves itself within one clock (before latch 76 is. 
clocked) and latch 74 goes to either stable con- r 5 
dition (0 or 1). the metastability will be corrected .in 
the prescribed manner of using double, latching (74 
and .76). If the metastabiljty condition does not 
settle out in time and causes, an error, the receiving 
device will detect an erroneous message, issue a to 
reject, and cause a retransmission. If the , 
metastability condition causes the switch to hang .in 
an unusual .state which does not lead to a r reject, 
the transmitting device will time out, issuers IDLE 
command, and then retransmit the message.. This 75 
is the only possible occurrence of metastability Tin 
the present invention; it . is an unusual condition 
which is not. normally encountered in the switch 
operation and it can be corrected on the mere 
chance that it does occur. 20 

NOR gate 112 detects, any active command 
from input port 1 , It detects. the very first command 
issued after IN1-VALID. going active and then pre- 
vents any of the other commands (COMMAND 11, 
COMMAND 12. COMMAND. 1.3, or COMMAND 14). ' 25 
from setting by causing the. .data input to latch 70 
and similar latches associated with input port 1 to 
go to zero. Thus, only the first connection com- 
mand will be recognized from any. input port. 

Referring to Fig. 9, similar logic to Fig. 8 is 30 
shown but this logic controls the connection of 
input port 1 to output port 2. ,AI| the gates have 
exactly the same functions as they, did in Fig. 8, . 
except, that they apply to output port 2, instead of . 
output port 1. Some of the gates in Fig.. 8 can be 35 
reused in Fig. 9 without being duplicated; these 
gates retain the same numbers as they had in Fig. 
8. Some of the gates in Fig. 9 perform, functions 
identical to the functions performed .in Fig. 8 but 
relate to output port 2 instead of output port 1; 40 
these gates must be. unique for output port 2 and 
are assigned new numbers to indicate their unique- 
ness as compared to the gates in Fig. 8. 

Note that input, port 1 does not require any 
logic to handle CONTENTION conditions, because .45 
of the contention resolution algorithm that assigns 
the highest priority to input port 1. Referring to Fig. . 
10, similar logic to Fig. 8 is shown but this logic 
controls the connection of input port 2 to output 
port 2. All the gates have exactly the same tunc- so 
tions as they did in Fig. 8, except that th,ey apply 
to input port 2 and output port 2, instead of input 
port 1 and output port 1. Now, however, contention 
resolution is required and two new gates 140 and 
142 are involved. Latch 176, which corresponds to 55 
latch 476 (CONNECT 12) in Fig. 9, does not in this 
case generate the CONNECT 22 signal, but rather 
CONNECT 22 is generated through gate 140, 



which says , to activate CONNECT 22 only if - 
CONNECT 12 is active. Thus, if latches 476 and 
176 set simultaneously indicating that both input 
port 1 and input* port 2 are contending for the use 

; of output port. 2, input port 1 will win (CONNECT, 
12 will remain active), .and input port 2 will lose 
(CONNECT. 22 will be ; forced to, the .inactive state 
by gate 140). Gate 142 detects -boNNECT 22 and 
causes REJECT. 22 to be generated to input port 2. 
The state of CONTENTION can only be detected in 
the time period before gate 184 detects the. BUSY, 
condition, and if two or more selection commands . 
arrive in "this brief time slot. Therefore, it is neces T 
sary to restrict, the delay of block 1 84, such that it 
does .not cause, the contention, resolution period to 
extend beyond the time provided by. one DEAD 
FIELp. . ' tt . ' . ' ,' . 

It- is possible ..that under contention conditions 
that CONNECT 22 might lose, and. CONNECT 12 

, might .win,, yet subsequently be rejected in the next 
stage before .latch .176 has been reset. .In this case, 
it might, appear, that the CONNECT 22. option has 
been re-established because gate 140 might go 
active, mpmentarjly. ..However,, .the transmitter .will 
have noted the JN2-REJECT signal going, active 
and it : wijl return input- port 2 to the IDLE state, and 
retransmit jthe message from the beginning, even if 
the IN2-REJECT is withdrawn prematurely.. 

Referring to Fig... 1.1, similar logic to Fig. 8 is 
shown but this, logic controls the connection of 
input port '3 to output, port. 3. All the gates have 
exactly the : same functions as they did in Fig. 8 
except that, they apply to input port 3 and output 
port 3/ instead of input port 1 and outpuUport.1 . 
The unique functions shown in Fig. 11 are gates 
240 and £42, which deal with the output port 3 
CONTENTION conditions and show that input port 

3 will be connected to output port 3 (CONNECT 
33) only if. input ports 1 and 2 are not contending at 
the same time for output port 3. If, either of them 
are, input port 3- will lose and. receive IN3-REJECT 
based on the input- to gate 288 provided by gate 
242./..' ... . " " ( ' . 

Referring to Fig. 12, similar logic to, Fig. 8 is. 
shown but .this logic controls the connection of 
input port 4 to output port 4. All the gates have 
exactly, the siame functions as they did in Fig. 8 
except that they apply to input port 4 and output 
port 4, instead of input port 1 and output port 1 . 
The unique functions shown in Fig. 12 are gates 
340 and 342, which deal with the output port 4 
CONTENTION conditions and show that input port 

4 will be connected to output port 4. (CONNECT 
44) only if input ports 1 , 2, and 3 are not contend- 
ing at the same time for output port 4. If any of 
them are, input port 4 will lose and receive IN4- 
REJECT based on the input to gate 388 provided 
by gate 342. 
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Figs. 8 to 12, show all the" unique circuit im- 
plementations required by switch 10. Eleven further 
replications of the same functions shown in Fig. 8 
are required to totally define switch 10 to provide 
connections from input port 1 to output port 3, 
input port 1 to output port 4, input port 2 to output 
port 1 , etc. However, these implementations are an 
obvious extension of Figs. 8 to 12 and are hot 
shown here. " '" 

Other Preferred Embodiments 

Other embodiments which we may prefer to 
use in certain instances are within the scope of our 
inventions and will be described by Way of exam- 
ple of changes to the preferred embodiment which 
has been described with' reference to the drawings. 

For example, 'the switching apparatus' 10 can 
function adequately even if the ACCEPT interface 
line is eliminated from all input and output port 
interfaces. In' this case, the transmitting device 
could terminate a message by going to the IDLE 
state as soon as it had finished transmitting the 
entire message, and would not have to wait for an 
ACCEPT signal to be returned.' The 'protocol to be 
used in this case would be that if tK6 transmitting 
device completed the full message transmission 
without' receiving a REJECT indication, ' then that 
message would be assumed to' have been trans- 
mitted successfully. The message would have to 
be long enough to guarantee that any REJECT 
indications due to switch BUSY or CONTENTION 
conditions or' to the receiver buffers not' being 
available could be reported back to the transmitter 
before it assumed that the transmission was suc- 
cessful. Any error conditions detected by the re- 
ceiving device could be reported back to the trans- 
mitting device by a separate message going in the 
opposite direction. 

For example, the switching apparatus 10 can 
function adequately if the size of the DEAD FIELD 
is increased from' one clock time to m clock times, 
where m = 2 or more. ' - ' " ; 

For example; the switching apparatus 10 is hot 
restricted to four input ports and four output ports, 
but could be any number of I input ports and" Z 
output ports, where I and Z can be independent 
values ranging from two to any large number, so 
long as the number 1 of data lines per input and 
output port are equal to or greater than Z. 

In general we have provided : an arbitration 
switch for receiving data signals from a plurality of 
different sources in an asynchronous digital com- 
munication network and for transmitting those sig- 
nals to a destination, said number being greater 
than two. The preferred switch has a number of 
input ports, one for each' of said number of dif- 
ferent sources, to receive the respective data sig- 
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nals from each of the different sources. The switch 
has an arbitration circuit means coupled to all of 
said respective input ports to receive the respec- 
tive data signals and select a set of data signals to 
5 be received for subsequent transmission to said 
destination. There can be a number of lock path 
circuits for each input port and responsive to the 
set of data signals to be received by said arbitra- 
tion circuit to couple said destination to receive 
70 said first set of data; and an output port coupled to 
each of said input ports and such that the arbitra- 
tion circuit receives data signals from the input port 
selected by the arbitration circuit and for transmit- 
ting the signals to said destinations. In such a 

*75 circuit we provide a common line to transmit 1s 
and 0s ori the same line for connecting multiple 
inputs to multiple outputs. The switch is non-buf- 
fered, and there is no need for queuing. We use a 
DEAD FIELD to provide the time for resolving con- 

20 tention. This is a continuous flow switch where data 
flows through the switch without handshaking in a 
single pass. There are no'hold-offs or wait periods, 
or any discontinuation or interruption of message 
transmittals. 

T '25 The switch uses parallel discrete selection bits 

for path selection among a plurality of switch inputs 
and outputs in a system having a plurality of 
nodes. 

Clearly, the inventions which we have de- 
30 scribed by way of example and in illustration of our 
best mode of practicing the inventions, in the var- 
ious embodiments described, provide a basis for 
much potential growth. Accordingly, it will be un- 
derstood that those skilled irv the art, both now and 
35 in the future, will envision further improvements 
even by Way of invention, and these should be 
understood to be within the claimed scope which 
should be construed to protect and preserve the 
rights of the inventors. 

40 

Claims 

1. A switching apparatus comprising for a node 
having a plurality of input' and output ports, 

45 comprising: 

a connection control circuit for each input port, 
and 

so a multiplexer control circuit for each output 

port for connecting any of I inputs to any of Z 
outputs, 

where I and Z can each assume any unique 
55 value greater than or equal to two. 

2. The apparatus of claim 1, further comprising 
connection control circuitry which operates 

12 
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asynchronously in relation, to input signals re- 
ceived at each input port, needs no clock input 
of any kind to perform its control and switching 
functions, and employs no buffering of data 
messages of any kind. 

3. The apparatus of claim 2, wherein said input 
and output ports comprise a set of interface 
signals having at least Z data lines and two 
control lines: one for the purpose of enabling 
and terminating data message transmissions, 
and the second for signalling the rejection of a 
data message. 

4. The apparatus of claim ,3,. wherein said switch- 
ing, apparatuses capable of receiving a mes- , 
sage cancellation indication at any time during 
the transmission as controlled by the source 
and its capability to cause said cancellation is-, 
provided by resetting the said control signal 
whereby, the enabling, and terminating of data 
message transmissions is controlled. 

5. The apparatus of claim 2. wherein said switch- 
ing apparatus has expansion means for. cas- 
cading together identical switching apparatus 
devices by tieing the output ports of said first . 
switching apparatus to the input ports of other 
said switching apparatus devices. 

6. The apparatus of .claim 2, wherein said switch- 
ing apparatus is totally self-contained and 
makes all input to output port. connection de- 
cisions based , on connection commands re- . 
ceived over the said set of input and output 
port interface signals without requiring any oth- 1 
er external interfaces or clock generation sup- . 
port. 

7. The apparatus of claim 1, wherein said input 
and output ports comprise a set of interface 
signals having at least Z data lines and two 
control lines: one for the purpose of enabling 
and terminating data message transmissions 
and the second for signalling the rejection of a 
data message. 

8. The apparatus of claim 7, wherein said input 
and output port interface includes a third con- 
trol line for the purpose of providing a positive 
feedback indication to the source of the accep- 
tance of a data message being received cor- 
rectly at the specified receiving device after 
being transmitted through one or more of the 
said switching apparatus devices. 

9. The apparatus of claim 8, wherein said switch- 
ing apparatus has expansion means for cas- 



cading together identical switching apparatus 
devices by tieing the output ports of said first 
switching apparatus to the input ports of other 
said switching apparatus devices.. . 

10. The apparatus of claim 8, wherein said switch- 
ing apparatus . is totally self-contained and 
makes all input to ; output port connection de- 
cisions based on connection commands re- 
10 ceived over the said set of input and output 

port interface signals without requiring any oth- 
er external interfaces or clock generation sup- 
port. . 

75 . 11. The switch according to claim .8, wherein the 
said third control line for the purpose of provid- 
ing the. source with a positive feedback indica- 
tion of a successful transmission is cascaded 
and propagated through the invention switch- 

20 ing apparatus in the reverse direction of the 

transmission in. a constant manner and accom- . 
pli.shed during the transmittal period of the said 
message. .. . ... 

25 12. The apparatus of claim 7, . wherein said switch- 
ing apparatus has expansion means „for cas- 
cading together identical switching apparatus 
devices by tieing the output ports of said first 
switching apparatus; to the input ports of other 

30 said switching apparatus devices. 

13. The apparatus of claim 7, wherein said, switch- 
ing -apparatus,,, is totally self-contained and 
makes all, input to output port connection T de- 

35 cisions ..based on connection commands re- 

ceived over the said set of input and output 
port interface signals without requiring any oth- 
er .external interfaces or clock generation sup- 
port. 

40 , * . ; ■ ■ - • 

14. The apparatus of claim 1, wherein said switch- 
ing apparatus has expansion means for cas- 
cading together identical switching apparatus 
devices, by tieing the. output ports of said first 

45 switching apparatus to the input ports of other 

said switching apparatus devices.. 

15. The. apparatus, of claim 1, wherein said switch- 
ing apparatus is totally self-contained and 

so makes all input to output port connection de-. 

.cisions based on connection commands re- 
ceived over the said set of. input and output 
port interface signals without requiring any oth- 
er external interfaces or clock generation sup- 

55 port. 

16. The apparatus of claim 15, wherein said 
switching apparatus, is capable of executing 
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said connection commands from each of I in- 
put ports in parallel and capable of processing 
I connection commands simultaneously. 

17. The apparatus of claim 16, wherein said 
switching apparatus is capable of supporting 
unique transfers from I input ports to I unique 
output ports simultaneously. 

18. The apparatus of claim 15, wherein said 
switching apparatuses capable of operating in 
a mode free of logic race conditions or errors . 
whon several or all input and/or output ports 
are operated in synchronization with each oth- 
er. ; ' 

19. The apparatus of claim 1, wherein there is 
absolutely no requirement of any kind for any 
type of synchronization amongst any of the 
said input and output ports which interface to 
the said switch apparatus. - 

20. The apparatus of claims 1 wherein said switch- 
ing apparatus is capable of operating in a 
mode free of logic race conditions or errors 
when several or all input and/or output ports 
are operated in synchronization with each oth- 
er. 

21. An apparatus for resolving asynchronous con- 
tention for the use of any given output port of a 
switching apparatus according to claim' 1 , in- 
cluding means based on the transmission of 
one or several DEAD F4ELD times following the 
said connection command for allowing neces- 
sary time for the said apparatus to arrive at a 
consistent connection decision. \ 
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an arbitration circuit means coupled to all of 
said respective input ports to receive said re- 
spective data signals and select a set of data 
signals to be received for subsequent trans- 
mission to said destination; 

a number of lock path circuits for each input 
port and responsive to the set of data signals 
to be received by said arbitration circuit to 
couple said destination to receive said first set 
of data; and 

an output port coupled to each of said input 
ports and to said arbitration means to receive 
data signals from the input port selected by 
said arbitration circuit means and to transmit 
said signals to said destination; and wherein 

there is provided a common line to transmit 1s 
and 0s on the same- line* for connecting mul- 
tiple inputs to multiple outputs. 

24. The switch according to claim 23, wherein the 
switch is non-buffered. 

25. The switch according to claim 23, wherein data 
flows through said switch without handshaking 
in a single pass. 



26. The switch according to claim 23, wherein 
parallel discrete selection bits are used for 
path selection among a plurality of switch in- 
puts and outputs in a system having a plurality 
35 of said switches. 



22. The apparatus of claim 21, wherein said asyn- 
chronous contention resolving "apparatus con- ; 40 
nects all contenders to a desired output port 

by logically ORing the sets of their interface ; 
signals together internal to the, said switching 
apparatus, and then deciding which one or 
ones to disconnect and REJECT during the 45 
time allotted by the said DEAD plELD. [ 

23. An arbitration switch for receiving data signals i 
from a plurality of different sources in an asyn- 
chronous digital communication network and so 
for transmitting those signals to a destination, 

said number being greater than or equal to : 
two, said switch comprising: 



a number of input ports one for each of said 
number of different sources to receive the re- 
spective data signals from each of the different 
sources; 
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© Disclosed is an apparatus for switching input 
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